MEASUREMENT of the inferior vena eava during life, has not to our knowledge, been previously reported. Review of a large series of intravenous angioeardiograms with reflux filling of the inferior vena eava forms the basis of this paper. In many of the angiocardiograms the diameters of the inferior vena eava and the superior vena eava could also be compared. This report establishes values for the diameter of the inferior vena cava in normal and diseased conditions.
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Materials and Method
The material used in this publication comlprised 392 angiocardiographic studies selected fromn examinations performed from 1946 to the present time. Films chosen for the study were of quality adequate to afford satisfactory measurement of the iaferior vena cava. In 244 cases the superior and inferior venae cavae were visualized and mneasured in the same film. Measurements were made in the frontal, lateral, or oblique projection depending on the best delineation of the inferior vena cava. For technical reasons, because of the surrounding radiolucency of the lungs, the lateral projection was preferred. Standard intravenous angiocardiographic technic, with suspended respiration in nmoderate inspiration at the time of exposure, was used in all examinations.1' 2 The erect (rarely the supine) position in frontal, lateral, or oblique projection was utilized; examination during anesthesia was rare. The target film distance in most cases was 72 inches; in films taken at 48 inches, correction for distortion (estimated at 7 per cent) was not made because these few cases were scattered throughout the series. In 364 cases reflux opacification of the inferior vena eava from the From right atriumil allowed mtieasuremenit of the vessel. In 28 instances, the inferior vena cava was opa.cified by direct injection of the saphenous or of the femoral vein. The films were not exposed during a selected phase of the eardiac cycle. It was considered that the large size of the series would balanee the systolic and diastolic variations in caliber of the inferior vena eava. Measurements of both the inferior and superior venae eavae were nmade perpendicular to the axis of each vessel at selected points. The inferior vena cava was measured at the level of the diaphragmiatic surface of the right atrium; the superior vena cava was mea.sured at the level of the upper border of the right atrium (figs. 1 and 2). After measurement, the cases were classified into groups according to the clinical and angiocardiographic data. Analysis3 was applied to five major groups: Group I, 54 normal subjects over the age of 15 in whom there was no cardiac or great vessel disease. In Imany of these studies there were peripherally located pulmnonary or mediastinal lesions, hut the cardiovascular struetures were not involved. Group II, 115 patients over the age of 15 in whonii acquired heart disease was present, with cliinieal and roentgen evidence of right heart failure. Cases of rheumatic heart disease, arteriosclerotic eardiac disease, pulmonary hypertension with c.or pulmonale, pericardial effusion, and eonstrictive pericarditis comprised this group. Criteria for right heart failure were based on such clinical findiings as increased venous pressure and circulation time, peripheral edema, and hepatomegaly. In these, there was enlargement of the right atrium, right ventricle, pulmaonary artery, and pulinonary arterial system, demonstrated by angiocardiography. Group III, 40 patients over the age of 15 years in whom acquired heart disease was present, but without clinical and angiocardiographic evidence of right heart disease. Cases in this ca-tegory included patients with rheuiaa tic heart disease, syphilitic heart disease, and broncho-,genie carcinona involving the great vessels (mostly the superior vena eava and pulmiionary arterial system). Group The angiocardiograms of 115 patients in this group were measured (table 1). Figure a shows the relationship between age and caliber. The mnean caliber for this group is significajntly different from the norm-al. Figure  4 expressed the mean caliber at 20-year increments for group II as a curvilinear relationship; however, this curvilinear trend is a ionsignificant one (r113 -0.13; p > 0.1).*-
The superior vena eava was measured in 87 cases (table 3) . The ratio of the diaineter of the superior and inferior venae eavae was 0.62, greater than normal. Group The standard error of the mean caliber was calculated at + 0.58. The age to caliber relationship is showni in figure 6 . The mean calibers calculated for each 20-year subdivision did not differ significantly (r3s = 0.43; 0.01 > p > 0.001) fromn each other (table 2 and fig. 4 ).
In 27 of these eases the superior vena cava was also measured (table 3) . For these pa- The aongiocardiogramis of 47 patients were iluell-ded in this group. The standard error of the mean caliber was + 0.98 (table 1) . The mnean caliber for this group was significantly different fromn the normal (0.05 > p > 0.02, table 1). Mean iinferior vena cava caliber increased with age as shown in figure 7 . However, the trend of this line as judged by the correlation coefficient (r45 = 0.266; 0.1 > p > 0.05) was of border line significanee.
Group V, Patients under 15 Years with Congenital Heart Disease
The angiocardiograms of 136 patients were ineluded in group V (table 1). The standard error of the calculated mean diameter was + 0.44. Figure 8 shows the relationship of the inferior vena eaval measurements to age. The correlation coefficient calculated for group V (rm34 = 0.288; 0.01 > p > 0.001) showed the significance of the relationiship Since the curvilinear relationship for groups IV and V showed a pronounced change *Subscript for each '"r " equals the number of eases minus two, (ii -2), whiclh is equivaleiit to degrees of freedonm. with age, the method of "]east squares") was applied to derive a formula for predicted inferior vena eaval caliber (caliber -7.7 log1o age -16.5) ; the resultant curve for these groups is shown in figure 4 . Thus, it is predicted that the inferior vena eava of a 5-yearold patient with congenital heart disease should be 21.5 mm. in caliber; that of a 20year-old patient, 26.5 mm. It is recognized that the predictions are useful for order of magnitude rather thani for absolute individual application.
The superior vena cava was mneasured in 71 of these cases. The standard error of the mean caliber was ± 0.38. The superior-toinferior vena eaval ratio was 0.66 (table 3) . regarding the caliber. Table 1 shows that the mean ages for groups I through III fall in the mid forties. Therefore, the 54 normal pa.tients serve as a control for the other adult groups. The mean caliber for the normal group, 23.9 mm., remained essentially unchanged as age advanced to 75 years. A direct relationship between the caliber of the aorta and the ago of the patient has been reported4 and was attributed to atherosclerosis and to the aging process. The failure to demonstrate this positive finding in inferior vena eaval measurements is attributed to the absence of atherosclerosis in the venous circulation. In the presence of right heart failure or enlargemt.ent, whether due to aequired or congenital heart disease, there was significant enlargement of the inferior vena eava (table 1, fig.  4 ). A positive relationship of caliber to age was not clinically evident. In contrast, in the presence of organic heart disease but without right heart failure and enlargement as determined by the criteria (increased venous pressure, circulation time, peripheral edema, and hepatomegaly as well as angiocardio-Circrulation, Volume XXVI, October 1962 graphic demonstration of enlarged right atrium, ventricle, and pulmonary arterial tree) used for this study, the mean caliber of the inferior vena eava was not significantly different from the normal mean. Although a control group of' normal subjects under the age of 15 was not available for comparison (because angiocardiography is rarely performed in the absence of disease'), a mean caliber of 17.1 mm. was calculated for children with congenital heart disease and right heart failure. Other data obtained from this group of measurements showed a positive relationship between increasing age and caliber (figs. 4 and 8). Since this finding was. made during the period of rapid growth and development, it may be anticipated that a similar curve would be present among normal subjects; however, an appropriate series of measurements is required to establish it. It was significant that, in the congenital heart disease groups, this positive relationship presented a continuum beyond the fifteenth year and appeared to level off in the caliber range of adult patients with right heart failure at age 42.
Discussion

Analyses of the measurements of the inferior vena eava permit certain generalizations
The normal inferior vena eava was twice the diameter of the normal superior vena cava ( Physiologically, this may represent the phenoinenon that, in the preseniee of heart failure, the renal and splanchnic blood flows are reduced, whereas the cerebral eireulation tends to be maintained. Table 3 showed that the mean inferior vena eaval diameters for patients in whonm both eavae could be measured corres.ponded closely to the calibers shown in table 1 in which the entire groups were considered. The superior-to-inferior vena caval relationship for group III was close to those calculated for the heart failure and enlargement groups, even though the mean inferior vena eaval diameter corresponded to the normal group. This, suggests, contrary to the clinical and roentgenographic criteria for right heart failure or enlargement, the existenee of undetected right heart hemodynanic changes concerned with pressure and floNw. The majority of patients in this group had rheumatic heart disease with mitral stenosis, a lesion resulting in hemnodynamie alterations in the right heart; it appears then, the parameters used clinieally to establish the presence of right heart failure in this study were not sufficiently precise to ass.ess accurately the circulatory dynamics. Inferior vena eaval measurenmenits related to body surface area would have nmade the mean measurements more meaningful for comparison with other cases; however, such data were not ava,ilable. Althoufgh no distinct variation was evidenit between the sexes, a body surface area relationship may have brought this out.
. Measurement of both eavae in the same angiocardiogramn demonstrates that the caliber of the normal superior vena eava is half t,hat of the inferior venaa eava. With cardiovascular disease this ratio increases to 0.6 to 0.7. In aln arbitrarily selected group of patients with acquired heart disease without clinical, roentgen or angiocardiographic signs of right heart failure or enlargement, the superior-to-inferior venae eavae ratio was 0.64. This suggests that even in the absenee of manifest right heart failure, hemodynamic changes exi.st.
Application of these measurements to individual cases is somewhat inaccurate because of failure to correlate the inferior vena caval measurements with body surface area and other variables such as insufficient number of normal cases in ehildhood, reflux opacification Circulation, Volume XXVI, October 1962 3-14 from the right atrium rather than directly through the inferior vena eava, variations owing to the phases of the cardiac cycle, and variations. in projection and position. However, in the absence of previously reported inferior vena caval measurements during life, the data herein presented are useful.
It was in the course of studying the effects of electricity in bright daylight that Galvani made his most valuable discovery. The description of this experiment in one of his Manuscripts is worthy of quotation. "Accordingly, on an evening early in September 1786, we placed some frogs horizontally on a parapet, prepared in the usual manner by piercing and suspending their spinal cords with iron hooks. The hooks touched an iron plate; behold! a variety of not infrequent spontaneous mnovements in the frog. If, when they were quiescent, the hook was pressed with the finger against the iron surface, the frogs became excited almost as often as this type of pressure was applied."
At the beginning of the Third Part of the Commentary (the most important part) it is interesting to note that while the manuscript said that the hook piercing the spinal cord of the frog was made of iron (of the same metal as the railing on which the animal was placed), in the printed copy the small instrument is described as being made of copper. Galvani noted that the response was more readily obtained with a bimetallic are than when using a single metal. Subsequently, in the Commentary, he stressed the greater efficacy of heterogeneous over homogeneous arcs, which are the basis of what later came to be called Galvanism and is today called electrodynamics.-Giulio Pupilli. 
